Applying a multiple trait random regression (MT-RR) in national level and for whole test day records of a country is a great advance in animal breeding context. Having reliable (co) variance components is a critical step in applying multiple traits genetic evaluation especially in developing countries. Genetic parameters of milk, fat and protein yields were estimated for Iranian Holstein dairy cows. Data included 276 692 test day (TD) production traits records collected of 30 705 primiparous cows belonging to 619 sires. An animal multi-trait random regression model was employed in the analyses using the restricted maximum likelihood (REML) method. The model included herd-test-date, age-season of calving (by applying a fixed regression for each subclass of this effect) and year of calving as fixed effects and random regression (RR) coefficients for additive genetic (AG) and permanent environmental (PE) effects. Obtained results showed that daily heritabilities ranged from 0.10 to 0.21 for milk, from 0.05 to 0.08 for fat and from 0.08 to 0.18 for protein yield. Estimated heritability for 305-d milk, fat and protein yields were 0.25, 0.20 and 0.25, respectively. Correlations between individual test day records within traits were high for adjacent tests (nearly 1) and decreased as the interval between tests increased. Correlations between yields of milk, fat and protein on a given test day are also high and greater during late lactation than during early or mid-lactation. Genetic correlations between 305-d yield traits ranged from 0.75 to 0.92. The largest genetic correlation, as well as permanent environmental correlation, was observed between milk and protein yield.
Introduction
The production level of yield traits is one of the most important factors that influence the economic efficiency of dairy farms. The production level of a dairy cow is determined by a joint effect of genetic and environmental factors. The estimation of (co)variance components is vital for the development of genetic evaluation systems based on test day (TD) yields. The use of an appropriate method for genetic evaluation of dairy animals is an important aspect of dairy cattle production. Various TD models have been proposed for use in the genetic evaluation of dairy cattle. The use of the random regression (RR) model makes it possible to study changes in TD records over time and to get a better understanding of lactation genetics (Swalve & Guo 1999) . Therefore, at present the RR-TD model is referred to be the most precise model for the estimation of production traits in dairy cattle. Applying a multiple traits (MT) RR in national level for whole TD records of a country is a great advance in animal breeding context. The MT analysis increases accuracy of estimated breeding values of less frequently measured traits. Hence, a multiple trait RR-TD model should reduce biases in genetic evaluations and increase accuracy (Lidauer & Mäntysaari 1999) . Improved accuracy is especially important in developing countries, where data are scarce and costly.
In the RR model for describing the lactation curve, different functions have been used in the fixed and random part of random regression models. The function can be either linear or non-linear. Generally, the Legendre polynomials have largely been used to fit random curves due to their ability of describing the variation along the period (Bignardi et al. 2009 ). Some evidence has been found in favour of a lower degree needed for the genetic than for the permanent environmental components (Van Der Werf et al. 1998 , Pool et al. 2000 , López-Romero & Carabaño 2003 .
Although some investigations have been carried out in Iranian Holstein dairy cows in regard to the estimation of genetic parameters of milk yield traits by MT animal model (YousefiGolverdi et al. 2012) and MT-RR animal model (Kheirabdi et al. 2012) , genetic and permanent environmental correlations for different milk yield traits in different and selected days in milk (DIM) have not yet been evaluated (according to the authors' knowledge). Therefore, the objective of the present study was to estimate (co)variance components of milk, fat and protein yields in the first lactation of Iranian Holstein cows with a MT-RR animal model by using the restricted maximum likelihood (REML) method. Another goal was to estimate the genetic and permanent environmental correlations between production traits in different and selected DIM.
Material and methods

Data
Data on daily records of primiparous Iranian Holstein dairy cows with calving in 79 different herds were obtained from the animal breeding centre of Iran. This data set consisted of TD records on milk, fat and protein yield. The year of calving was required to be between 2005 and 2010. Records obtained before 5 or after 305 DIM were discarded. Cows were removed if they had their first DIM after d 60. Correlations of yields on consecutive TD are affected by the interval between tests (Schaeffer & Burnside 1976) , thus in any interval between consecutive TD records that was less than 15 days the second one was removed. All records belonging to the cows whose sire had less than 10 daughters and their herds comprised less than 150 cows were removed. A minimum of 8 TD records for milk, fat and protein yield was required for a cow observation to be included in the analysis. Further edits excluded irregular data for daily milk yield (<2.0 and >48 kg), fat content (<1.5 % and >9 %) and protein percentage (<1 % and >7 %). Edited data included 276692 TD records collected on 30 705 first lactation cows that were daughters of 619 sires. The age of calving was restricted from 23 to 35 months. Four seasons (spring, summer, fall and winter) and 3 subclasses for age at calving (<26, 26 to 30 and >30 months) were defined. Pedigree information was obtained from the national database. The animals that had not contributing connections (i.e. both or one of the parents unknown) were excluded. A summary of the data is given in Table 1 . 
Model
Model specification and the choice of fixed effects to be considered in the model were based on checking their significance with Proc GLM of SAS 9.1.3 software (SAS Institute Inc., Cary, NC, USA) and the variables which were significant at P<0.05 level were included in the model. Data were analysed with a 3-trait RR-TD animal model by the REML method using the REMLF90 software (Misztal et al. 2002) . Convergence criterion used was 10 -8 . In this research, the orders of two (quadratic) and three (cubic) of Legendre polynomial (Kirkpatrick et al. 1990) were used for additive genetic (AG) and permanent environmental (PE) effects, respectively. Homogeneous residual variance was assumed throughout lactation. The model was as follows: 
Functions of Parameters
Heritability for day i(h i 2 ) in the lactation, heritability for 305-d production (h 2 (305d) ), genetic correlation (r g(i,j) ) between trait ƒ and trait p and genetic correlations (r g(305) ) among 305-d traits were calculated, respectively, as described elsewhere (Jakobsen et al. 2002) are AG and PE variances for 305-d production; δ ƒp(i,j) are covariances between traits ƒ and p, σ ƒƒ(i,j) and σ pp(i,j) are standard deviations of any trait. Note that i=j if observations were on the same day and i≠j if observations were on different days.
Let Ma and Mpe indicate as matrices of AG and PE (co)variances of regression coefficients and αi orders of function; Zt and Z 305 as a matrix (DIM*αi) of function coefficients evaluated at day t and vector (1*αi) of the summations of function corresponding to total lactation; Ka as a matrix of AG (co)variance between traits ƒ and p, respectively. Then the following formulas were used for estimation of genetic parameters: 
Results and discussion
Heritabilities and variances
Having reliable (co)variance components is a critical step in applying multiple trait genetic evaluation especially in the developing countries. Estimates of AG and PE (co)variances of RR coefficients are presented in Table 2 .
In the present study, the patterns of variance components across the lactation for milk yields are shown in Figure 1 . For milk and protein yield the genetic variances were moderate at the beginning, small in the middle and large at the end of lactation. For fat yield this trend decreased from DIM 5 to DIM 110 and subsequently increased steadily during lactation period. As expected, the PE variance estimates were consistently larger than AG estimates for all traits. For all traits studied, PE variances initially decreased at the beginning of lactation (5-60 DIM), remained constant in the central period and tended to increase at the end (after 255 DIM). Decreasing permanent environmental variance during lactation suggests that PE factor had the low influence on test day milk yields during 305-d milk production except at the edge of lactation. In general, the trends in the AG and PE variance estimates throughout lactation obtained in this study are comparable to trends found by López-Romero and Carabaño (2003) . On the contrary to the results achieved in this study, AG variances show a decreasing pattern towards the end of lactation for Dutch and Turkish Holstein Friesian (Pool et al. 2000 , Takma & Akbas 2007 . Clearly the estimations of heritability of test day records were not constant throughout the lactation. Heritability estimates along the lactation trajectory ( Figure 2 ) showed shapes similar to the genetic variation but were less extreme at the beginning of the trajectory because of higher PE variances. In general, heritability for milk yield was low at the peak of lactation, rose toward the middle of the second part of lactation and then was fairly stable throughout the remainder of lactation. The maximum heritability for milk yield was close to 0.21 and was founded around 270 to 305 DIM. The minimum (0.10) was at the beginning of the lactation. In an earlier analysis of individual TD milk yield as separate traits in a univariate analysis (Shadparvar & Yazdanshenas 2005) , heritabilities varied from 0.11 to 0.16 in the first four tests but ranged from 0.17 to 0.19 for the remaining part of the lactation. The trend of daily heritabilities for milk yield in this study was also similar to the results obtained with a TD model (Abdullahpour et al. 2010) on the same population used for this study. Moreover, the patterns of milk and protein yield heritability curves of the current study were comparable with those obtained by Muir et al. (2007) on Italian data. However, some authors estimated the highest heritability at both extremes of the lactation curve (Jamrozik & Schaeffer 1997 , Samoré et al. 2002 and other authors found the highest heritabilities in the middle of lactation (Rekaya et al. 1999 , Jensen 2001 , Jakobsen et al. 2002 , Druet et al. 2003 , De Roos et al. 2004 , Zavadilová et al. 2005 , Takma & Akbas 2007 , Hammami et al. 2008 . For fat yield, heritability slightly decreased from the onset of lactation, attaining minimum at 110 DIM and increasing thereafter. The shape of daily heritability for protein yield was similar to that for milk yield with the minimum at the peak of lactation; then they increased toward the end of lactation. The increase in daily heritability estimates with stage of lactation observed in the study was due to the increasing trend in AG variances, especially for milk and protein yield, and decreases in PE variance. This means that the effect of environmental variance during DIM is considerable and it should not be assumed fixed during lactation. The trend of daily heritabilities for milk yield in this study was also similar to the results obtained with a TD model (Abdullahpour et al. 2010) on the same population used for this study. Moreover, the patterns of milk and protein yield heritability curves of the current study were comparable with those obtained by Muir et al. (2007) on Italian data. However, some authors estimated the highest heritability at both extremes of the lactation curve (Jamrozik & Schaeffer 1997 , Samoré et al. 2002 and other authors found the highest heritabilities in the middle of lactation (Rekaya et al. 1999 , Jensen 2001 , Jakobsen et al. 2002 , Druet et al. 2003 , De Roos et al. 2004 , Zavadilová et al. 2005 , Takma & Akbas 2007 , Hammami et al. 2008 . For fat yield, heritability slightly decreased from the onset of lactation, attaining minimum at 110 DIM and increasing thereafter. The shape of daily heritability for protein yield was similar to that for milk yield with the minimum at the peak of lactation; then they increased toward the end of lactation. The increase in daily heritability estimates with stage of lactation observed in the study was due to the increasing trend in AG variances, especially for milk and protein yield, and decreases in PE variance. This means that the effect of environmental variance during DIM is considerable and it should not be assumed fixed during lactation. (Abdullahpour et al. 2010) on the same population used for this study. Moreover, the patterns of milk and protein yield heritability curves of the current study were comparable with those obtained by Muir et al. (2007) on Italian data. However, some authors estimated the highest heritability at both extremes of the lactation curve (Jamrozik & Schaeffer 1997 , Samoré et al. 2002 and other authors found the highest heritabilities in the middle of lactation (Rekaya et al. 1999 , Jensen 2001 , Jakobsen et al. 2002 , Druet et al. 2003 , De Roos et al. 2004 , Zavadilová et al. 2005 , Takma & Akbas 2007 , Hammami et al. 2008 . For fat yield, heritability slightly decreased from the onset of lactation, attaining minimum at 110 DIM and increasing thereafter. The shape of daily heritability for protein yield was similar to that for milk yield with the minimum at the peak of lactation; then they increased toward the end of lactation. The increase in daily heritability estimates with stage of lactation observed in the study was due to the increasing trend in AG variances, especially for milk and protein yield, and decreases in PE variance. This means that the effect of environmental variance during DIM is considerable and it should not be assumed fixed during lactation. The largest daily heritabilities were obtained for milk yield (0.10-0.21) while the lowest heritabilities were found for fat yield (0.05-0.08). This was in agreement with most other studies (Tijani et al. 1999 , Lidauer et al. 2003 , Strabel et al. 2004 , Zavadilová et al. 2005 , Muir et al. 2007 , Hammami et al. 2008 . However, De Roos et al. (2004) reported the smallest heritabilities for protein yield in the first lactation.
Heritabilities for 305-d milk yields (0.25 for milk, 0.20 for fat yield and 0.25 for protein yield) were similar to the results obtained with a 305-d multivariate model (Sahebhonar et al. 2010) on the same population used for this study. In all cases the heritability for TD records was lower than the corresponding complete lactation. Similar findings were reported in previous studies on other data (Swalve 1995 , Lidauer & Mäntysaari 1999 , De Roos et al. 2001 , Samoré et al. 2002 , Hammami et al. 2008 . Those authors reported heritability for TD records was lower than the corresponding complete lactation. However, Jamrozik & Schaeffer (1997) , Strabel et al. (2004) and Zavadilová et al. (2005) obtained larger values of daily heritabilities than those for 305-d yield. Obtained heritabilities of the 305-d were comparable with 0.30, 0.27 and 0.28 reported by Muir et al. (2007) on Italian Holsteins using multiple-trait multiple-lactation RR test day model. However, heritabilities of yield traits for the Iranian Holsteins were smaller than those obtained in other data (De Roos et al. 2001 , De Roos et al. 2004 . Strabel & Jamrozik (2006) and Hammami et al. (2008) reported the same results for first lactation, which were smaller than the values obtained in the current research. There are several factors that might influence the level of heritability estimates. Among the many reasons which cause the differences in heritability estimates are different models and different used functions (as well as different orders) and different levels of yield. In earlier works on Tunisian Holstein, RR models were used for estimation of genetic parameters for a population with low production levels (Hammami et al. 2008) . De Veer & Van Vleck (1987) split production records from United State cows into three levels on the basis of mean milk yield of the herds. They showed that heritabilities increased as production level increased.
Genetic and PE correlations
Within traits: Genetic (r g ) and permanent environmental (r pe ) correlations between test day milk yields, test day fat yields and test day protein yields at different stages of lactation are shown in Figure 3 . Our results are close to those obtained by Lidauer et al. (2003) . For all traits the highest r g of close to unity was observed between tests close to each other and the lowest was observed between the initial (DIM 5) and final (DIM 270 to 305) stages of lactation. As could be seen (Figure 3) , genetic correlations among tests in different stages are positive and higher than 0.3 and suggest that selection for increasing milk yield in each part of lactation has a positive effect on milk yield in the other parts lactation. These graphs indicate that r g between individual test days are more alike for milk and protein yield than for fat yield. However, r g coefficients were slightly higher within the protein yield in comparison to other traits, even when DIM were far apart. For instance, the r g between days 5 and 305 was 0.37 for protein yield in comparison with 0.35 and 0.30 for milk and fat yield, respectively.
The r pe coefficients were similar to the r g of the same trait; the highest was between adjacent DIM (nearly 1) and decreased as DIM got further apart. The environmental correlations were slightly lower than the corresponding r g . The correlation between PE effects decreased much faster than AG effects as test day became more apart (see Figure 3) . However, the r pe coefficients between the initial and final DIM (0.43, 0.40 and 0.40 for milk, fat and protein yields) were higher than those estimated for corresponding genetic correlations.
Among traits: As in the case of r g within traits, r g between traits tended to decrease as DIM got further apart (see Figure 4) . Therefore, the highest r g between production traits was observed between adjacent DIM, usually about 0.65 to 0.92. The genetic correlations were particularly higher between milk and protein yield, even when DIM were far apart. For instance, the r g between days 25 and 305 was 0.53 between milk and protein yields compared with 0.22 and 0.48 between milk-fat and fat-protein yields, respectively. Ranges of this trend were similar to those estimated in U.S Holsteins (Tijani et al. 1999) and estimated in Finnish Ayrshire, Holstein Friesian and Finnish cattle (Lidauer et al. 2003) . Based on obtained results, the r pe coefficients between traits were higher than corresponding genetic correlation and this is due to the fact that environmental effects among traits were more correlated than AG effects.
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As a consequence, genetic correlations among yields in different stages are positive and higher than 0.1 (see Figures 4, and 5 ) and suggest that selection for increased milk yield in each part of lactation have a positive effect on milk yields in the other parts of lactation. Genetic correlations (r g ) between test-day production of milk and fat, milk and protein and fat and protein yields
As a consequence, genetic correlations among yields in different stages are positive and higher than 0.1 (see Figures 4, and 5) and suggest that selection for increased milk yield in each part of lactation have a positive effect on milk yields in the other parts of lactation. Figure 5 presents the r g and r pe between test day milk yields at the same DIM. The correlations between adjacent DIM tended to increase with DIM except for the initial stages of lactation between the milk and fat yield. The genetic and environmental correlations between milk and protein yields tended to be more stable over the same DIM. Days in milk 20 at the beginning, DIM 140 in the middle and DIM 260 at the end of lactation were chosen to represent the environmental correlation structure of test day yields and results are shown in Figure 6 . The closer test days were to 20, 140 and 260 d the higher permanent environmental correlation were shown in this Figure. Permanent environmental correlation between two ends of lactation were highest between milk and protein yields. For instance, between DIM 20 milk and 305 protein or between DIM 260 milk and 5 protein is about 0.46 or 0.37 in comparison with 0.44 and 0.32 between DIM 20 milk and 305 fat and between DIM 260 milk and 5 fat, respectively. This agrees with other investigations. This figure also shows that environmental correlations were greater during the end of lactation than during mid or late lactation.
The estimates of AG and PE covariances and corresponding correlations of 305-d yields between production traits are presented in Table 5 . The PE covariances between any two traits were higher than the corresponding genetic covariances. The r g and r pe for 305-d yields between production traits were relatively high (>0.80) except for the r g between milk and fat yield, which was below 0.80. Estimated values of r g coefficients between production traits for the same lactation were significantly higher than estimates in Italian Holsteins (Samoré et al. 2002 , Muir et al. 2007 ) but were similar to those estimated in Canadian Holsteins (Jamrozik & Schaeffer 2003) and Czech Holsteins (Zavadilová et al. 2005) . However, they were lower than that obtained in Tunisian Holsteins using a multi-trait multi-lactation TD model (Hammami et al. 2008) . As in case of r g , environmental correlations were higher for milk and protein yield and lower for milk and fat yield. As a consequence, the r pe between any two traits were higher than the respective r g . This indicated that the PE effect needed to be modeled with more, higher orders of fit than necessary for the genetic component. The estimates of AG and PE covariances and corresponding correlations of 305-d yields between production traits are presented in Table 5 . The PE covariances between any two traits were higher than the corresponding genetic covariances. The for 305-d yields between production traits were relatively high (>0.80) except for the 11 Figure 5 Genetic and permanent environmental (PE) correlations for milk and fat (circle), milk and protein (triangular) and fat and protein yield (square) Figure 6 Permanent environmental correlations between a given DIM (20 -squares, 140 -triangles, 260 -circles) and the remaining part of lactation between production traits
The estimates of AG and PE covariances and corresponding correlations of 305-d yields between production traits are presented in Table 5 . The PE covariances between any two traits were higher than the corresponding genetic covariances. The for 305-d yields between production traits were relatively high (>0.80) except for the 11 Figure 6 Permanent environmental correlations between a given DIM (20 -squares, 140 -triangles, 260 -circles) and the remaining part of lactation between production traits Genetic parameters were estimated by a MT-RR animal model with Legendre polynomials in Iranian Holsteins. Estimates of (co)variances components obtained in this study for the Iranian Holstein will be used as parameters for MT-RR models that will be soon adopted for genetic evaluation of production traits in Iran. For all traits, heritability estimates increased as lactation progressed and were highest in the second half of lactation. Based on the results of this study, daily heritability estimates of fat yield were small and did not even exceed 0.08 throughout lactation. Pricing system and also feeding system in Iran could be a justification of the opposite shapes of fat heritability when compared with other production traits. On the other hand, heritabilities as well as AG and PE correlations among daily milk yields tended to be increased at the end of lactation that was clear between DIM 225 and 305. However, the magnitude and trend of the heritabilities and correlations may suggest that improvement in milk yield production of Iranian Holsteins could be achieved by basing selection on the yield potential of animals in the end of lactation.
